Acquired Fanconi syndrome has been associated with the long-term ingestion of several nucleoside analogs used to treat chronic hepatitis B virus infection. However, the nucleoside analog entecavir has not been found to cause nephrotoxicity. We report a case of entecavir-induced Fanconi syndrome. Our patient was a 73-year-old man admitted to our hospital because of renal dysfunction. He also presented with hyperaminoaciduria, renal diabetes, phosphaturia, hypophosphatemia, hypokalemia, hypouricemia, and hyperchloremic metabolic acidosis, supporting a diagnosis of Fanconi syndrome. In this case, the cause of Fanconi syndrome was most likely entecavir, which had been administered as needed depending on his renal function for 5 years. After drug discontinuation and replacement with tenofovir alafenamide fumarate therapy once a week, the patient's kidney function recovered and electrolyte anomalies partially improved. We highlight the fact that entecavir may induce severe renal dysfunction, which can cause the development of Fanconi syndrome; therefore, close monitoring of proximal tubular function is recommended during entecavir therapy.
Introduction
Currently approved agents for the treatment of chronic hepatitis B virus (HBV) infection are interferons and nucleoside analogs. Compared with interferons, nucleoside analogs not only achieve higher rates of HBV DNA suppression but also are considered safer [1] . Entecavir (ETV) is a highly effective antiviral nucleoside analog reverse transcriptase inhibitor and a preferred first-line agent for the treatment of chronic HBV infection [2] .
Renal dysfunction during the course of antiviral treatment for chronic hepatitis B is one of the most serious side effects of nucleoside analogs. Recently, there have been reports of specific adverse events from long-term exposure to these agents, mostly nephrotoxicity, which may be associated with Fanconi syndrome [3] .
Adefovir dipivoxil (ADV) and tenofovir disoproxil fumarate (TDF) are the main causes of nucleoside analog-induced Fanconi syndrome, which is usually treated by reducing the drug dose and by switching to another nucleoside analog [4] . However, there has been no report of Fanconi syndrome induced by ETV. Here, we report a case of Fanconi syndrome in a patient undergoing treatment with ETV for chronic hepatitis B.
Case report
A 73-year-old man was admitted to our Department of Nephrology because of renal dysfunction. He was healthy and had no family history of kidney disease, hypertension, or liver cirrhosis. When the patient was 66 years old, he underwent bone marrow transplantation for the treatment of acute myelogenous leukemia and was taking tacrolimus hydrate for graft-versus-host disease for 5 years. He had reportedly been stable after the transplantation; however, his renal function gradually worsened, with serum creatinine (Cr) levels at 1.2 mg/dL, because of tacrolimus hydrate administration at the age of 67 years, which depended on symptoms of graft-versus-host disease and renal function. De novo hepatitis B virus infection was identified after the bone marrow transplantation, and treatment with 0.5 mg ETV every other day was started when the patient was 68 years old. One year later, he developed right hydronephrosis from ureteral stones. Subsequently, a urinary cytology indicated a possible malignant tumor and, therefore, right nephrectomy was performed. The resected right kidney showed no signs of malignancy but revealed lymphocyte infiltration, mild fibrosis of the interstitium, and glomerular sclerosis due to hydronephrosis. The patient's general condition was stable after the nephrectomy. Regarding renal function, his serum Cr levels were approximately 2 mg/dL. After the right nephrectomy, the patient's ETV dosage was adjusted to 0.5 mg twice a week.
Once the patient turned 73 years, his renal dysfunction rapidly progressed over a 4-month period, and his serum Cr levels increased to 4.12 mg/dL, at which point he was admitted to our hospital for examination. On admission, his physical examination did not reveal muscle weakness, fatigue, bone pain, or dryness symptoms, such as xerophthalmia and xerostomia. His blood pressure was 111/60 mmHg. He had no exposure to heavy metals and was not taking any medications, Chinese herb tea or supplements other than entecavir. Table 1 shows the urinalysis and blood examination results. Urinalysis showed glucosuria (3 +) and proteinuria (2 +). Despite the detection of glucosuria, his blood glucose level was 91 mg/dL and HbA1c, 5.9%, indicating that the cause of glucosuria was renal diabetes. His urinary protein and albumin excretion levels were 1.4 g/day and 0.122 g/ day, respectively. Measurement of blood electrolytes showed hypokalemia (potassium, 2.4 mEq/L), hypocalcemia (calcium, 7.7 mg/ dL), hypophosphatemia (phosphorus, 2.1 mg/dL), and hypouricemia (uric acid, 3.0 mg/dL). Blood gas analysis showed pH 7.25, HCO 3 − 14.0 mEq/L, and metabolic acidosis with a normal anion gap. The normal anion gap suggested that the cause of metabolic acidosis was renal tubular acidosis.
Moreover, fractional excretion of potassium was 67.3% (normal range, 10-20%), fractional excretion of uric acid was 67.2% (normal range, 4-11%), and the ratio of the renal tubular maximum reabsorption rate of phosphate to glomerular filtration rate (TmP/GFR) was 0.23 mg/dL (normal range 2.3-4.3 mg/dL). Based on the above findings, Fanconi syndrome was suspected and a urinary amino acid analysis was conducted. The analysis revealed that the urinary concentrations of 19 of the 41 amino acids tested were above normal values (Table 2 ) and that the bone mineral density was normal. Taking together the patient's hyperaminoaciduria, renal diabetes, phosphaturia and hypophosphatemia, hyperchloremic metabolic acidosis, proteinuria, and other characteristic electrolyte abnormalities of blood and urine, we established a diagnosis of Fanconi syndrome.
As potential causes of primary and secondary Fanconi syndrome, we ruled out factors such as heavy metals, paraprotein-related kidney disease such as monoclonal gammopathy and multiple myeloma, and autoimmune diseases like IgG4-related disease and Sjögren's syndrome; however, we suspected that ETV was the causative agent. Hence, ETV was discontinued and oral administration of sodium bicarbonate and potassium chloride was started. In addition, ETV was replaced by the alternative nucleoside analog tenofovir alafenamide fumarate (TAF), which was administered once a week. Following this treatment, the patient's renal function gradually recovered; 4 months later, his serum Cr levels decreased to 2.86 mg/dL and partial improvement in the electrolyte anomalies and urinary tubule markers was observed (Fig. 1) .
Discussion
Fanconi syndrome is characterized by diminished reabsorption of solutes, such as amino acids, sugars, uric acid, bicarbonate, and phosphate, because of proximal tubular injury. Fanconi syndrome is often associated with hypophosphatemic osteomalacia due to the loss of phosphate in the urine and impaired activation of vitamin D in the proximal tubule. In addition to congenital factors, causes of Fanconi syndrome include exposure to heavy metals, such as lead and cadmium, multiple myeloma and Sjögren's syndrome, and drug ingestion. Several cases of drug-induced Fanconi syndrome have been reported, mainly due to the ingestion of antibiotics, valproic acid, anticancer drugs, and nucleoside analogs [5] . In our case, paraprotein-related kidney diseases, such as monoclonal gammopathy and multiple myeloma, were suspected because urinary albumin level was relatively low for the level of urinary protein. However, the patient tested negative for M-protein and Bence Jones protein, and his free light chain ratio was slightly higher than the normal range, which might be due to renal dysfunction. These results did not indicate paraprotein-related kidney disease, and thus, we suspected that ETV was the causative agent. Among nucleoside analogs, ADV and TDF have been reported to cause Fanconi syndrome, often as a consequence of long-term oral administration [4] . In our case, Fanconi syndrome developed after 5 years from the start of ETV treatment. Through a comprehensive search in Medline and Web Japan Medical Abstracts Society, we identified no reported cases of ETV-induced Fanconi syndrome. Therefore, to our knowledge, this is the first report to describe a case of ETV-induced Fanconi syndrome.
Nucleoside analog-induced Fanconi syndrome may occur because of the accumulation of these drugs in renal tubule cells [6] . ADV and TDF are transported from the blood into proximal-tubule cells by renal basolateral transporters of the human organic anion transporter (hOAT) family and are subsequently effluxed from proximal tubule cells into the urine by the multidrug resistance-associated protein (MRP) efflux pump expressed on the apical membrane [7] . Both these drugs may induce the development of renal tubular injury and Fanconi syndrome when they accumulate in the kidney because of an imbalance between their uptake and excretion in proximal tubule cells [8] . Yang et al. demonstrated that the renal uptake of ETV is likely mediated by hOAT1/3 and human organic cation transporter 2 and that the efflux is mediated by multidrug and toxin efflux extrusion proteins and MRP1 and MRP2 [9] . ETV has a tubular uptake and efflux pathway similar to ADV and TDF. Mandíková et al. demonstrated that a lower risk of cellular accumulation may be expected for ETV in the kidney from a markedly lower affinity of ETV to hOAT1 and a lower cytotoxic effect of ETV in the cells transfected with hOAT1 in comparison to ADV and TDF [10] . Therefore, renal impairment by ETV may be considered less frequent than that by ADV or TDF. In our case, the patient's renal dysfunction and Fanconi syndrome may have been caused by ETV accumulation in renal tubules, in addition to the basal renal damage due to druginduced renal cell damage, and his history of a nephrectomy. A unique feature of our case was that osteomalacia was not diagnosed, unlike in cases of Fanconi syndrome caused by ADV or TDF. Dose-dependent nephrotoxicity induced by nucleoside analogs can cause renal phosphate wasting by impairing reabsorption in the renal proximal tubule. In turn, chronic loss of phosphate may lead to insufficient bone mineralization. Moreover, metabolic acidosis is also detrimental to bone mineralization. Therefore, loss of phosphate and metabolic acidosis may lead to osteomalacia. In our case, renal phosphate and calcium wasting, low 1,25-dihydroxyvitamin D level, and metabolic acidosis were observed; however, physical symptoms, such as muscle weakness and bone pain, hyperphosphatasemia, and bone mineral density reduction, were not revealed on admission. We considered two reasons as possible causes for these findings. First, phosphate wasting by ETV nephrotoxicity appeared from just prior to admission. As shown in Fig. 1 , a rapidly developing electrolyte abnormality including serum inorganic-phosphate level was recognized at the time of admission. Second, renal dysfunction itself might have decreased phosphate excretion. However, the exact cause is unknown because we did not examine fibroblast growth factor 23 level in our case.
Risk factors of nucleoside analog-induced nephrotoxicity, including Fanconi syndrome, have been previously reported [11, 12] . A high incidence of ADV-associated nephrotoxicity has been identified in patients over 50 years old and patients who have one or several of the following pre-existing conditions: renal dysfunction, liver cirrhosis, diabetes mellitus, and hypertension [11] . On the other hand, the risk of developing TDF-associated nephrotoxicity reportedly increases with age, pre-existing renal dysfunction, concomitant use of nephrotoxic medications, co-morbidities, such as diabetes mellitus and hypertension, and the use of some protease inhibitors [12] . ETV is less likely to cause kidney dysfunction than other nucleoside analogs; therefore, further studies and accumulation of cases are warranted to analyze the risk factors and the exact mechanism of ETV-induced nephrotoxicity. Drug reduction or switching to another nucleoside analog after drug discontinuation is the main therapeutic strategy for Fanconi syndrome induced by ADV and TDF [13, 14] . In most cases, ETV was chosen as the replacing nucleoside analog, and this resulted in the normalization of renal function and clinical improvement. However, in our case, ETV induced Fanconi syndrome and, after switching to TAF as antiviral therapy due to its reported low nephrotoxicity and high effectiveness among nucleoside analogs [15] , the patient's kidney function gradually recovered, with partial improvement in his electrolyte anomalies. Therefore, we propose that chronic hepatitis B patients treated with ETV should be as closely monitored as those treated with ADV and TDF.
In summary, we report a case of ETV-induced Fanconi syndrome that illustrated how Fanconi syndrome may be revealed after several years of ETV therapy. Therefore, we suggest that the frequency of electrolyte monitoring in patients receiving ETV should be guided by a high degree of suspicion and regular symptom review. In addition, it is worth noting that complete biochemical recovery after ETV cessation may be protracted despite symptomatic relief.
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